device the following data were recorded: device, type of monitor, time of use, surgeon, pressure while in situ (recorded at 2-hour intervals throughout the period of use), and problems encountered. At the time of removal the fiberoptic component was exposed to the air and the pressure reading (which should have been 0 mm Hg) was noted.
Statistical Analysis
Nonparametric statistics were used to calculate the median and interquartile range (IQR) of all zero-drift readings. To aid comparison with other studies, the mean and the standard deviation were also calculated. Nonparametric Spearman's rank correlation coefficients were derived between zero drift and time, as well as the average pressure (calculated from the average of all clinical ICP readings) and early or late pressure (calculated from the average of the first or last three clinical ICP readings). Median measurements and IQRs of zero drift were calculated for subsets of data according to the operator, the device used (subdural or intraventricular), and the monitor (420 or V420).
Results

Global Results
One hundred and one devices were studied in 86 patients, some in whom more than one fiberoptic catheter had been inserted. A total of 83 zero-drift readings were taken at the time of removal. Of the 18 devices for which no value was recorded, 14 had suffered from technical failures and four were discarded before a reading had been noted.
Complications were uncommon and did not cause clinically significant problems. An intracerebral hematoma resulted in two cases and there was transient CSF leakage after removal of the device in an additional two patients. There were no cases of infection attributable to the system. There were technical problems with 23 of the 101 devices: 11 involved sudden loss of function, assumed to be caused by fracturing of the fiberoptics; seven were due to displacement of the bolt or the fiberoptic catheter; and in five cases using the Micro Ventricular system, the tip was located outside the ventricles.
Of the 83 readings only two exhibited no zero drift (that is, a reading of 0 mm Hg). Readings ranged from Ϫ12 to +14 mm Hg (Fig. 1) . The median was Ϫ3 mm Hg, with an interquartile range of 5 mm Hg (Ϫ6 to Ϫ1 mm Hg). The mean was Ϫ3.02 mm Hg and the standard deviation was Ϯ 4.13 mm Hg.
Readings were obtained between 2 and 306 hours after the device had been inserted, with a median of 66 hours. The relationship between zero readings and time is illustrated in Fig. 2 . The lines in this figure indicate the maximum degree of zero drift predicted by the manufacturer in the instructions provided with the equipment: first 24 hours 0 Ϯ 2 mm Hg, then less than 1 mm Hg per day for 5 days. It can be seen that half of all the readings we obtained lie outside these limits, even in the first 3 days, and that these are usually more negative than predicted. Zero drift was not significantly correlated with time (Spearman's rank correlation coefficient, = 0.13 [p = 0.25]). This was confirmed by the median and interquartile ranges for each day (Table 1) , which do not suggest any clear trend with time. * The IQR and standard deviation (SD) were only calculated for days when more than eight readings were obtained. For days when fewer readings were obtained, an overall range is provided in parentheses. NA = not applicable.
When zero drift was plotted against the average value of ICP for each catheter ( 
Subsets Considered: Surgeon, Positioning, and Type of Monitor
The results were classified according to the experience of the operator (Table 2 ) into the categories: senior surgeons, middle-grade surgeons (who inserted 84 of the 101 devices and were, therefore, subclassified individually on a scale of 1-7, with 1 representing the longest experience), temporary staff, and junior grades. Although there was some variation among surgeons, there was nothing to suggest that the overall results of zero drift and rates of complications or technical problems could be attributed to the operative technique of any one individual or group of surgeons. Table 3 shows the results for subdural and intraventricular catheters as well as for the type of monitor box. Again there was no clear relationship with the degree of drift. The numbers of technical problems and complications were similar for both types of catheter.
Discussion
Intracranial pressure monitoring is in widespread use, particularly in the care of ventilated head-injured patients in whom clinical assessment is difficult. However, the potential risks of ICP monitoring, together with the resources involved, mean that a reasonable degree of accuracy is required.
Intraventricular recording via a fluid-filled catheter is currently regarded as the most accurate technique; however, the catheter is invasive, difficult to secure, prone to damping, and, in some cases, the ventricles may be difficult to catheterize. The fiberoptic system is held in place by its bolt and, because measurement occurs within the head, is less prone to damping. A further advantage is that in cases of failed catheterization of the ventricle, a pressure recording can still be obtained from the brain parenchyma.
Fiberoptic devices (whether situated in the ventricle, parenchyma, or subdural space) have generally been found to produce values that closely correspond to intraventricular readings. 3, 5, 7, 8 However, some studies have indicated that the devices might provide high readings in some cases 9 and low ones in others. 4 The main disadvantages of using these devices are increased cost, a tendency of the instrument to malfunction, and the fact that the devices cannot be recalibrated to zero once they are in situ. Varying degrees of zero drift have been reported both in animal experiments and in clinical practice with patients (Table 4) . 1, 2, 5, 8, 11, 12 It has been suggested that the degree of zero drift might increase with time and, therefore, the use of fiberoptic devices should be limited to 5 days. 5 In the present study the median value for zero drift was found to be Ϫ3 mm Hg. Such a clear negative bias in zero drift has not previously been noted (Table 4 ). The degree of drift does not appear to be time dependent as previously assumed (Fig. 2) time does not reach statistical significance. Although the IQR is greater for readings taken in the 4th to 13th day (Table 1) , the range of readings in the first 3 days is much wider than previously reported and over two-thirds of the readings obtained in this early period are outside the range predicted by the manufacturer (Fig. 2 ). This striking degree of zero drift in early readings suggests that undue reliance should not be placed on ICP readings in isolation, even in the period immediately following insertion of the fiberoptic device. Care was taken during the study to identify any variables that might account for the results, but the overall degree and range of the drift did not appear to be dependent on the surgeon, time of testing (average, early, or late ICP), device (OLM or Micro Ventricular), or monitor, although the V420 monitor is preferred because the wave form of the ICP can be seen, allowing easier detection of malfunction. It would appear that the negative drift is intrinsic to this fiberoptic system in this clinical setting. A partial solution to this problem of zero drift is provided by the use of the Micro Ventricular system, which allows for the therapeutic removal of cerebrospinal fluid and for independent measurement of ICP via a fluid column if doubt exists about the accuracy of the readings from the fiberoptic device.
This study confirms reports of the safety of the system. 6, 7, 10, 13 The main problems encountered were technical, such as displacement of the catheter and sudden loss of function, probably caused by fracturing of the fiberoptics during routine usage. When the Micro Ventricular system was used, the ventricles were not cannulated in five of 42 cases, but this did not preclude pressure monitoring. Two transient cerebrospinal fluid leaks occurred following removal of the catheter and there were two intracerebral hematomas associated with the devices that did not require treatment. There were no clinical manifestations of intracranial infection, in line with reports of other large series in which infection was found to be extremely rare, even after prolonged usage. 1, 6, 7, 10, 13 No patient suffered any serious adverse effects from the use of these fiberoptic devices.
Conclusions
It appears that although this fiberoptic system is safe, its use is associated with a serious degree of zero drift with a clear negative bias and a wide and unpredictable range of values, even in the first 3 days of use. Although ICP monitoring is useful, undue reliance should not be placed on the results of this system in isolation from other clinical or radiological findings. Whenever possible the Micro Ventricular system should be used to allow for independent measurement of ICP. 
